The diagravitropic behavior of Merit corn (Zea mays L.) roots grown in darkness provides an opportunity for comparison of two qualitatively different gravitropic systems. As with positive gravitropisni, diagravitropism is shown to require the presence of the root cap, have a similar time course for the onset of curvature, and a similar presentation time. In contrast with positive gravitropism, diagravitropism appears to have a more limited requirement for calcium, for it is insensitive to the elution of calcium by EGTA and insensitive to the subsequent addition of a calcium/EGTA complex. These results are interpreted as indicating that whereas the same sensing system is shared by the two types of gravitropism, separate transductive systems are involved, one for diagravitropism, which is relatively independent of calcium, and one for positive gravitropism, which is markedly dependent on calcium.
The usual characteristic ofprimary roots directing their growth toward the force of gravity is lacking in some cultivars of corn until the roots have experienced red light or other environmental stress (6, 7, 9) . Instead, these dark-grown roots tend to orient themselves into a position transverse to gravity, a phenomenon called diagravitropism. In numerous plant species, this transverse gravitropism is expressed in creeping roots, stems, or rhizomes.
The diagravitropic behavior is an appealing experimental item because of its sensitivity to red light, because it has received very little attention, and because it seems to be intractable to explanation by the classic Cholodny-Went theory oftropistic behavior as being a simple redistribution of auxin.
We have attempted to characterize the dynamics of diagravitropism, comparing them with the dynamics of positive gravitropism in each case. We will show that the dynamics of the two tropisms are very similar, except for the extent of curvature. We find that there is a difference in the role of calcium, diagravitropism being notably insensitive to elution or supplementation of the calcium supply.
MATERIALS AND METHODS
Seeds of Merit corn (Zea mays L.) from Asgrow Seeds, Kalamazoo, MI, were germinated with the radicle end down within rolls of wet germination papers (Anchor Paper, St. Paul, MN) in a 25°C darkroom, in 80% RH. After 40 h the seedlings were selected for uniform root lengths between 1.0 and 1.5 cm. The seedlings were mounted in plastic holders folded over with wet cheesecloth, with the root extending 1 cm from the edge of the plastic holder, 10 seedlings per holder (7) . The holders were magnetically attached to plastic boxes lined with wet paper, and the orientation of the seedlings was controlled by manipulation of the position of the plastic boxes. Prior to gravistimulation, the roots were kept in the downward pointing direction (1800 
RESULTS
Positive gravitropism in Merit corn roots is specifically dependent upon the presence of the root cap; examination of this characteristic for diagravitropism was made by decapping with a razor blade. Subsequent gravistimulation for 2 h resulted in a curvature of 61.9 ± 7.2°for intact roots and -1.5 ± 3.20 for decapitated roots, indicating that the diagravitropic response requires the presence of the cap, as does positive gravitropism.
If the decapped roots were allowed 24 h to regenerate a new cap, the diagravitropic sensitivity was restored, giving 23.6°± 2.8 curvature after 2 h orientation at 45°from upright vertical.
The simple kinetics of diagravitropic and positive gravitropic curvature were compared by following the time course of curvature for the two gravity responses under continuous gravistimulation. In every case, the gravity stimulation was given with the roots pointing at 450 from upright vertical. The curvatures obtained by dark-grown vs red-light-treated roots are shown in Figure 1 , where it is evident that both types of materials show considerable curvature after 1 h of stimulation. The diagravitropic material hovers at the horizontal orientation (45°) of curvature, whereas the positive gravitropic material continues on past the horizontal. From shorter-term experiments, we conclude that the commencement of curvature for both situations occurs at about 40 min (data not shown). It is consistently true that the diagravitropic material tends to overshoot the horizontal orientation (45°in Fig. 1 ), and subsequently loses curvature to restore the horizontal position.
The presentation time (the minimal duration of gravity stimulation needed for the development of subsequent curvature) was determined for both the diagravitropic and the positive gravitropic materials. Roots were exposed to the 45°orientation for various periods of time, and then returned to the downwardpointing orientation to allow for curvature development. In each instance, curvature was read at 60 min from the start of the LEOPOLD AND WETTLAUFER gravity stimulus. The data obtained are presented in Figure 2 on a log time scale. The intercepts for the two types of material are seen to be in the vicinity of 14 to 19 min, indicating that the diagravitropic and the positive gravitropic materials have similar presentation times.
In order to compare calcium requirements for the diagravitropic and positive gravitropic system, root tips were immersed in 1 mM EGTA for 1 h before gravistimulation. In the absence of red light, the chelator treatment resulted in 49.6' curvature, which represented no inhibition below that of the buffer control (46.3°). With red light treatment the chelator reduced the graviresponse from 78.1 to 39.6', an inhibition of about 50% (Fig. 3) . two transductive systems, one leading to diagravitropism and the other leading to positive gravitropism. The calcium role appears to be specific to the latter. Our hypothesis can be diagrammed as shown in Figure 4 .
The widely observed requirement for a calcium flux in positive gravitropism is interpretable as a component of the positive transduction process, as has been suggested by Feldman (4) . The electric current shift with gravity stimulation reported by BJORK-MAN and LEOPOLD (2) is sensitive to calmodulin inhibitors, which may well have been a characteristic of the transductive step. The lack of sensitivity of diagravitropism to calcium chelators or calcium additions would suggest that the role of calmodulin may be more specific to the positive gravitropic transduction than to the sensing step.
It would seem unlikely that calcium redistribution is essential for gravitropism as claimed by numerous authors (3, 5, 8) ; instead, the calcium redistribution may more properly be essential only for positive transduction and may be minimal or even absent from diagravitropic transduction in Merit corn roots.
In the case of the diagravitropic rhizome of Aegopodium, Bennet-Clark and Ball (1) have suggested that the horizontally oriented growth might be regulated by balances between a growth promoter and a growth inhibitor. In subsequent decades, there has been no confirming evidence for such a hormonal mechanism. There seems to be no simple way to adapt the hormonal regulatory system of the classical Cholodny-Went theory to account for diagravitropism.
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